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INTRODUCTION 

Utah’s Draft Assessment Methods and for High Frequency Data provide a framework for determining 

whether a waterbody or segment within a waterbody supports or does not support the Dissolved Oxygen 

(DO) criteria that were establish to protect the applicable aquatic life designated uses found in UAC R317-

2. These water quality criteria include several different averaging periods that prescribe the magnitude 

and the duration of low levels of DO that should not be exceeded to maintain support groups of biota that 

vary in their relative susceptibility to low DO conditions.  The assessment methods include several summary 

statisitics to facilitate the use of high frequency data to assess ambient conditions against both acute and 

chronic criteria.  

The draft assessments methods are intended to be consistent with Utah’s existing water quality criteria. The 

methods also attempt to encapsulate the underlying rationale behind these criteria and the current scientific 

evidence with respect to the various ways that low DO conditions can degrade the health of stream biota. 

DWQ welcomes input on the draft assessment methods and other approaches that could be applied to 

interpret high frequency data sets in an assessment context. DWQ anticipates incorporating any comments 

received into revised assessme methods that will be used to make assessment decisions in subsequent 

Integrated Reports. 

Background 

DWQ’s current assessment methods for field parameters (e.g., dissolved oxygen, temperature, pH) are based 

on data obtained from discrete water quality measurements (e.g., grab samples) during routine water quality 

sampling activities. While ongoing assessments based on discrete water chemistry collections enable DWQ to 

identify and address many water quality concerns, DWQ also acknowledges that there are important water 

quality parameters where instantaneous measurements are often insufficient. For instance, discrete samples 

are difficult to interpret for parameters that exhibit strong diel variation, such as dissolved oxygen, which can 

result in either over- or under-protection of water quality, depending on the time of day when the samples 

were collected.   

Recent technological advances make obtaining high-frequency data (i.e., data collected on intervals of 1 

minute to 1 hour to several hours) for field parameters more affordable and therefore more readily 

available. In many cases, these data provide more ecologically meaningful water quality information, 

particularly for temporally variable water quality parameters (i.e., dissolved oxygen concentration and 

saturation, specific conductance, pH, temperature, and turbidity) (EPA 1986). For example, high frequency 

data are more likely to reveal patterns of daily, weekly, monthly, or seasonal variation. Similarly, high 

frequency data can be used to more accurately quantify important water quality summary statisitics such as 

maxima (or minima) that are equally important determinants of threats to biological assemblages. In an 

assessment context, high frequency characterizations of water quality more closely mirror the duration and 

frequency components of water quality standards, which should lead to a reduction of both false positive and 

false negative impairment decisions. 

While high frequency data offer numerous advantages, there are several unique challenges with their 

analysis and interpretation.  For instance, the large data sets generated by such monitoring can be a 

challenge to manage, apply Quality Assurance/Quality Control (QA/QC) procedures to, and ultimately to 

interpret.  For example, drift (systematic bias) sometimes occurs during long-term deployment of high 

frequency data collection instruments and methods are required for identifying and addressing suspect data.   

http://www.rules.utah.gov/publicat/code/r317/r317-002.htm
http://www.rules.utah.gov/publicat/code/r317/r317-002.htm
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Care must also be taken to ensure that summary statistics generated from these data sets quantify conditions 

that are consistent with the studies or investigations that were originally used to support water quality criteria.  

Together, the unique characteristics of these data mean that alternative assessment procedures are required. 

Dissolved Oxygen 

Of all the field-measured parameters, Dissolved Oxygen (DO) offers an pportunity to improve existing 

assessment methods based on high frequency data readings. DO often exhibits pronounced diel variation, 

particularly in highly productive environments where problems with low DO are most likely to occur.  Utah’s 

acute water quality criteria for DO are expressed as absolute minima, which are unlikely to be captured by 

grab sample data because these conditions are least likely to occur in the daytime when most water quality 

samples are collected.   

Longer periods of low DO conditions can also lead to chronic effects on stream biota such as reductions in 

abundance or growth rates.  Like many states, Utah’s water quality standards protect against chronically low 

DO conditions with longer,  7-day or 30-day, averaging periods (Table 1). Periodic grab samples of DO 

make the direct calculation these averaging periods impossible. Even among streams where chronic conditions 

have been previously identified, the lack of long-term, high frequency data precludes identification of longer 

term (e.g., seasonal or year-to-year) temporal trends in DO conditions which could help identify appropriate 

mitigation efforts.   

Table 1: Dissolved Oxygen (DO) standards for the State of Utah and site specific DO standards for the 
Jordan River, Utah. 

Site specific criteria for DO for the Jordan River 

Time of year May-July August-April     

30 Day Average (mg/L) 5.5 5.5     

7 Day Average (mg/L) 5.5 NA     

Minimum daily (mg/L) 4.5 4     

DO criteria for the State of Utah 

Designated waterbody type 3A 3B 3C 3D 

30 Day Average (mg/L) 6.5 5.5 5.0 5.0 

7 Day Average (mg/L) 9.5/5.0* 6.0/4.0* NA NA 

Minimum daily (mg/L) 8.0/4.0* 5.0/3.0* 3.0 3.0 

          
Note: As per R317.2.1.1(b), up to 10% of representative samples may exceed the minimum criterion for dissolved oxygen.  
* Early life stages present / all other life stages present. Early life stages assumed present unless demonstrated otherwise. 
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ANALYSIS AND INTERPRETATION OF HIGH FREQUENCY DISSOLVED OXYGEN 
DATA 

if high frequency data are to be used to make water quality assessment decisions, it is necessary to 

summarize the data in a way that allows direct interpretation of the magnitude, duration and frequency 

components of water quality standards.  The selection of appropriate summary statistics should also align with 

the scientific basis behind DO criteria, as described in the EPA guidance that provided their underlying 

rationale.  This section describes how DWQ proposes summarizing and assessing high frequency DO data, 

and the underlying rationale behind the draft assessment methods. 

Quality Assurance: Screening Raw DO Data 

DWQ has developed a detailed QA/QC process for high frequency monitoring data. First, data sets are 

graded into several discrete categories based on the relative rigour of collection methods (see Chapter 7 

Appendix 1).  High frequency data sets that receive data quality grades of an A or B will be consiare 

considered suitable for formal assessment purposes.  Next, qualifying data sets are screened for data 

anomalies such as data drift or other instrument errors following the procedures and recommendations of the 

US Geologic Survey (Wagner et al. 2006).  All questionable data points are removed prior to analysis and 

interpretation.  These data quality screens are particularly important for DO sensors because they are subject 

to bio-fouling, especially in nutrient-rich waters where they have a higher potential to become covered with 

algae growth.  When bio-fouling occurs, it results in erroneous logger measurements, or sensor drift.  

Assessing DO with High Frequency Data: Draft Methods  

Utah’s DO criteria are largely based on USEPA’s guidance “Ambient Water Quality Criteria for Dissolved 

Oxygen” (USEPA, 1986).  When drafted, this guidance document compiled existing scientific literature and 

made several recommendations for appropriate DO criteria based on the following assumptions: 

 Chronic criteria (7-day and 30-day moving averages) are needed to minimize the extent to which low 
DO threatens the condition of fish populations  (e.g., density, growth rates) 

 Acute (1-day minimum) criteria are intended to protect against the lethal effects of low DO 

 More strigent criteria are required for protection of early life stages 

 Together chronic and acute criteria are intrinsically protective of biota other than fish 

 Warm water fish assemblages are more tolerant to low DO than cold water fish assemblages 
 
With these assumptions in mind, DWQ identified several summary statistics that can be calculated from high 
frequency data and used to evaluate the acute and chronic effects of low DO to biological designated uses. 
These statistics were then divided into two classes: Primary Statistics and Secondary Statistics.  Primary 
statistics are measure with direct linkages to Utah’s water quality standards, which are used to evaluate both 
acute and chronic DO impairments.  Supplemental statistics are measures that are intended to provide insight 
into the nature and extent of any DO impairments that are identified. 

Primary Statistics: Assessing Acute and Chronic DO Impairments 

These metrics are integral to Utah’s DO criteria (UAR R317-2), so they are considered “primary statistics”, 

meaning they would be directly used to make impairment. A key distinction in Utah’s standards is the 

application of dual 7-day average and daily minimum criteria, such that when early life stages are present 

the more stringent criterion is applied (see Table 1).   
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Table 2. Summary of primary statistics 

Primary statistics 

7-day moving mean 

30-day moving mean 

Single day (24 hour) minimum 

Frequency of minimum exceedance 

CONSIDERATION FOR SENSITIVE LIFE STAGES 

As discussed earlier, water quality standards include dual criteria for both acute and chronic 7-day average 

criteria depending on whether early life stages are present.  This difference can complicate interpretation of 

chronic DO criteria, because data that documents the presence or absence of sensitive life stages is often 

unavailable.  In such circumstances, the more conservative criterion will be applied for assessment purposes 

(i.e., assume that sensitive life stages are present unless data exist to demonstrate that they are not). This is 

consistent with the application of early life stage assumptions in other DWQ programs, such as wasteload 

analyses. If an impairment decision hinges on this conservative assumption (i.e., the site would not be 

considered impaired if sensitive life stages are not present), then DWQ will conduct further investigations on 

the fish assemblage in the assessment unit and modify the assessment decision if appropriate. 

DO MINIMA STATISTICS 

DO minima criteria are intended to protect resident biota against lethal (acute) effects of low levels of DO 

(USEPA 1985, 1986).  Utah’s water quality criteria currently express the acute averaging period as a DO 

concentration “not less than at any time” to support the designated aquatic life uses. DWQ interprets any 

single reading lower than the applicable DO minima as a WQS violation; however, biota do not generally 

respond to very short intervals of low DO, so interpreting a criterion violation of short duration as an 

impairment may be be overly conservative.  As per 317.2, all criteria discussed here were evaluated to allow 

for up to 10% exceedance of any applicable DO criteria.  

Two DO minima summary statistics were calculated: 

1) The percentage of total measurements that exceed the criterion versus the total number of 

measurements in the Index Period and the Period-of-Record respectively and the, 

2) the percentage of days in which the minimum was exceeded 

DO AVERAGE STATISTICS (7-DAY AND 30-DAY) AS INDICATORS OF CHRONIC IMPAIRMENTS 

Chronic DO water quality concerns are evaluated with long-term (7-day and 30-day) averages.  When 

calculating longer-term averages from high frequency data, one important consideration is the recording 

frequency of individual observations.  Currently, there is no standard recording frequency for the collection of 

high frequency DO concentrations. The instruments that collect these data can generally be set at any user-

defined interval. These differences among data sets create problems with the consistent analysis and 

interpretation of high frequency data. This is especially true if data from different sources are combined—as 

required for 303(d) assessment programs by CWA regulations. The interval between DO readings can alter 

the ecological interpretation of low DO conditions, which could potentially lead to differing impairment 

conclusions. For instance, longer intervals may be more consistent with DWQ’s ongoing use of instantaneous 

DO measurements, whereas higher frequency data (i.e., 1, 5, 15 minutes rather than 2 hour) more accurately 

quantifies the temporally dynamic variation in DO concentrations.  Ideally, datasets should be generated in 

hourly (or less ) intervals.     
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Utah’s DO water quality criteria also include protection against chronic problems resulting from extended 

periods of low DO conditions.  The criteria specify an averaging period of 7- and 30-days (Table 1).  DWQ 

proposes that these calculations should mirror those originally used to derive Utah’s DO criteria (EPA 1985, 

1986).  Specifically, DWQ first calculated the daily mean DO from all of a single days measurements.  Next, 

DWQ used these daily averages to calculate a moving average over both 7-day and 30-day intervals to 

facilitate interpretation of the data against the chronic DO criterion.  

ACUTE ASSESSMENT PROCEDURES 

The draft assessment methods (Figure 1) uses high frequency DO measurements to assess the frequency of 

excursions below the DO minima criteria based on the duration of these violations within a day and also the 

total number of days where DO minima criteria violations were observed.  For this assessment draft, the total 

number of days where the minima criterion was exceeded at least once was tabulated. Also, the sum total of 

all observed excursions below the minima criterion is compared against the total number of observations 

within the Period-of-Record and Index Periods.  Any site, and associated assessment unit, where acute criteria 

are exceeded for >10% of days over the Period-of-Record  and/or the Index Period will be considered 

impaired (Figure 1). Additionally any site where acute criteria exceed >10% of observations over the Period-

of-Record  and/or the Index Period will result in the site being considered impaired. Chronic and acute 

criteria will be evaluated independently.  

CHRONIC ASSESSMENT PROCEDURES 

Chronic DO criteria are intended to protect against conditions that may alter the health, condition or 

productivity of aquatic biota (EPA 1985, 1986). Consistent with EPA guidance, the duration of exposure to 

low DO conditions is dependent upon whether sensitive life stages—most commonly fish fry—are present.  If 

sensitive life stages are present, then the more stringent 7-day criterion is required, otherwise the  less 

stringent 7-day criterion is applied for other life stages (see Table 1).  

Where data of sufficient duration are available, DWQ will assess the chronic DO criteria with both the 7-day 

and 30-day averaging periods using moving average summary statistics.  Comparisons between these 

averaging periods will allow DWQ to evaluate whether or not chronic DO impairments hinge on the presence 

or absence of sensitive life stages.  If neither the acute nor chronic assessments result in an impairment 

decision, then the site would be considered to be fully-supporting its aquatic life uses with respect to dissolved 

oxygen. 
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Figure 1: Assessment methods for high-frequency dissolved oxygen (DO) measurements. 

Secondary Statistics: Better Interpretations of DO Water Quality Concerns 

DWQ’s draft assessment methods also incorporate several secondary statistics as supplemental water quality 

indicators (Table 3). These supplemental statistics are not intended to identify water quality impairments, but 

to provide supporting information to better understand the nature and extent of any DO imparments that are 

ultimately identified.  For instance, supplemental summary statistics can be used to better link DO observations 

to independent scientific investigations on the effects of low DO conditions on aquatic biota. 

Since USEPA’s guidance was initially drafted, scientists have continued to explore the specific mechanisms that 

can cause low levels of DO and have deleterious effects on fish and other aquatic biota (see WSDE, 2002 for 

an extensive review).  These investigations highlight several secondary statistics that may be used to help 

summarize and interpret low DO events (Table 3). 

Table 3. Summary of secondary statistics 

Secondary Statistics 

Duration of DO conditions below criterion 

Frequency of recurrent low DO events 

Spatial extent of low DO 
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APPLICATION OF DRAFT ASSESSMENT METHODS: JORDAN RIVER PILOT 
STUDY 

To illustrate the draft assessment methods for high frequency data, DWQ conducted a pilot investigation on 
dissolved oxygen (DO) data in the lower Jordan River, Utah.  The Jordan River is a relatively short river, 
approximately 51 miles long, originating at Utah Lake and flowing north to terminate in wetlands that 
eventually discharge to the Great Salt Lake. The topography within the Jordan River watershed contributes to 
a very complex precipitation pattern with great variability in amounts and timing of flows. Although Utah 
Lake is the single largest source of flows to the Jordan River, much of this water is diverted within a few miles 
for agricultural and municipal use. Other tributaries flow into the Jordan River from both east and west, but 
these, too, are subject to a complex network of diversions, return flows from canals, stormwater discharge, 
and exchange agreements between culinary and agricultural users. The lower Jordan River begins 
downstream of the largest diversion, the Surplus Canal, which redirects up to 90 percent of the flow from the 
Jordan River directly to the Great Salt Lake to protect neighborhoods and developments from flooding.  
 
Designated beneficial uses for the various segments of the Jordan River include domestic uses (with prior 
treatment), secondary contact recreation (boating, wading, fishing, etc.), cold and warm water fisheries, other 
wildlife that depend on an aquatic environment (waterfowl, shorebirds, and the aquatic organisms in their 
food chains), and agricultural irrigation. These uses are protected by a variety of water quality standards, 
but every segment of the Jordan River has been found to be non-supporting of one or more beneficial uses 
(i.e., impaired) due to exceeding one or more of these water quality standards. With respect to DO, only the 
lower Jordan River downstream of the Surplus Canal (north of 2100 South in Salt Lake City) is listed as 
impaired.   
 
The decision to pilot the draft methods with a water body that is already listed for DO was intentional.  DWQ 
does not intend to use the draft high frequency DO methods to make new impairment decisions until they are 
fully vetted with stakeholders.  Instead these assessment results are intended to highlight areas where the 
draft assessment methods can potentially be improved and to provide conformational support for the existing 
DO listings. 

 

Methods 

DO data for this pilot application of the draft high frequency assessment methods were obtained from data 

sondes (YSI EX01) that were deployed and are maintained by the Jordan River, Farmington Bay Water 

Quality Monitoring Council (JRFBWMC) at (5) sites along the lower Jordan River, from upstream to 

downstream: 3300 South (MLID # 4992880), 2100 South and 1100 West (MLID #4992320), 800 South 

above drain outfall (MLID #4992050), 300 North (MLID #4991900) and Cudahy Lane above the South 

Davis POTW (MLID # 4991820) (Figure 2).   At each of these locations sondes recorded DO concentrations in 

15-minute intervals. While these data collection efforts are ongoing, data from 2014 were used for this pilot 

investigation because this was the most complete data set available at the beginning of this investigation.   
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Figure 2: Locations of high-frequency sites along the lower Jordan River, Utah. 

DO data from each location were screened with existing credible quality control procedures. Specifically, a 
database was used to plot the raw data to facilitate identification of anomalous data.  Data that was 
deemed erroneous either via known issues with the logging device, sensor issues, or where no data was 
recorded by the logger were removed from data analysis.   Using a simple database, the raw data 
(dissolved oxygen and battery voltage) was plotted and examined. In many instances where the DO 
measurements seemed erroneous (e.g., 0 or 25mg/L) there was an associated issue with battery voltage (i.e., 
0 or 236) which resulted in sensor malfunction.  Similarly, at several different sites the DO would remain at the 
same concentration from days to months.  Any questionable DO observations that were identified were not 
used in the analysis.  In all cases careful best professional judgement (BPJ) was used to aggregate and retain 
the clean data for subsequent analysis.  
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All summary statistics were calculated from all credible data that were not eliminated in the QA/QC process. 
Data were analyzed independently for the two periods (i.e., May through July and August through April) 
defined in the site-specific standards for the Jordan River (Table 1). All summary statistics were then plotted 
for each monitoring location. In total, three figures were generated for each monitoring location to summarize 
different DO characteristics: 1) a daily minimum DO and duration of exceedances of acute criteria, 2) 7- and 
30-day moving mean, and 3) DO daily maximum and minimum and diel variation. Once generated, these 
plots were used to conduct pilot assessments for each monitoring location to illustrate the draft assessment 
process. 

Results 

QA/QC of the Jordan River DO Records 

The QA/QC process was successful in the identification and removal of suspect/erroneous data.  For instance, 

there were several instances where one or two consecutive observations differed greatly from the overall 

trend immediately prior to or following the observations.  There were also several circumstances where 

observations were not recorded creating gaps in an otherwise continuous data record. Using DWQ’s Data 

Quality Matrix for High Frequency Data (see Chapter 7, Appendix 1.) The data for this pilot project would 

be a “C” on an A through D scale.  The data had no definable verification or calibration reports which would 

indicate periods of sensor drift or the like.  As a result, DWQ was unable to address instrument drift 

associated with bio-fouling or calibration drift. There are QAQC methods to account for drift but the data 

used in this pilot project does not include any data verification or calibration records that could be used to 

correct drift in the dataset.  Consequently, the data used as part of this pilot project is considered provisional.  

Typically, the lack of independent measures that could be used to QC sensor data would be sufficient to 

disqualify a high frequency dataset from use in making 303(d) impairment decisions.  However, given that this 

is a pilot investigation and conducted on a stream segment that is already listed for DO, DWQ opted to 

proceed with the analysis.   

Site-Specific Characterization of DO on the Lower Jordan River  

This section summarizes the pilot high frequency data analysis using draft assessment methods for sites along 

the lower Jordan River, from upstream to downstream. 

3300 SOUTH MONITORING LOCATION 

Following the draft assessment methods, there was no evidence of of a DO impairment at the most upstream 

location on the lower Jordan River. With respect to potential acute DO concerns, the absolute minimum DO 

observed at this location was 3.78 mg-DO/L, which does exceed the minimum criterion of 4.5 mg-DO/L 

(Figure 3).  However, this only occurred once for one hour in duration, which means that the site would not be 

considered impaired according to the acute criteria assessment rules.  In addition, no violation of either the 7-

day or 30-day moving averages occurred (Figure 4), which means that chronic DO violations were not 

observed, irrespective of whether or not early life stages are present at this site.   

With respect to supplemental statistics, the diel variation at this site was the greatest of all sites (4.09 mg-

DO/L/day) (Figure 5).  The large diel variation may be stressful to biota, though this is not overly concerning, 

given that acute and chronic criteria were met.  Of note was an extended period of relatively high variation 

in late winter.  Given that low DO observations were not made over the same period, this suggests that there 

may be a peak in primary production immediately prior to spring runoff.  The daily minima indicator also 

reveal a pattern of relatively low DO conditions in late July (Figure 3). 
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Figure 3:  The daily minima represents the lowest measured value of each day and is used as a primary 

statistic for 3300 South. 

 

 

 

Figure 4:  The 7- and 30-day moving daily mean dissolved oxygen from 3300 South.  The gray 

horizontal line denotes the water quality standard of 5.5 (mg/L) for the entire year for the 7- and 30-day 

moving daily mean. 
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Figure 5: Temporal trends in dissloved oxygen and the diel variation (mg/L) at 3300 South.  The water 

quality standards for the Jordan River for dissloved oxygen (mg/L) are dennoted by the gray and black 

lines and are 4.0 (mg/L) and 4.5(mg/L) with respect to the times of the year. 

2100 SOUTH MONITORING LOCATION 

The 2100 South monitoring location exhibited mixed results with respect to the draft acute DO impairment 

decision rules.  The daily DO minima criterion was only exceeded 3% or 8 days in the Period of Record which 

fails to meet the draft impairment threshold of 10% (Figure 6).  The available data suggest that these 

instantaneous minima violations may have been confined to a single incident in late July.  However, this 

interpretation is complicated by the fact that DO data at this location were not recorded for several weeks 

immediately preceding this incident due to suspected equipment failure.  Interpretation of the chronic DO 

criteria is similarly complicated by missing data during the peak growing season. Nevertheless, among data 

that were recorded, violations of the chronic DO criteria were not observed for the 7-day and 30-day 

moving averages  (Figure 7).   

Daily DO diel variation was generally much lower at this location than it was at the next location upstream 

(3300 South) (Figure8).  Similar to the 3300 S location upstream, high variation values were observed in late 

winter, although the magnitude of diel variation in DO was not as pronounced.  The daily minima is also 

difficult to interpret due to missing data, but those observations that were recorded suggest that late summer 

may also be a period of particular interest at this monitoring location (Figure 6). 
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Figure 6:  The daily minima represents the lowest measured value of each day of the period-of-record 

and for the time being will be used as supplemental data for 2100 South.  Additionally the inserted table 

reflects seasonal exceedences in days, the percentage of exceedances in relation to the total days in the 

period-of-record as well as the number of observations that are exceeding the standard and the 

percentage as compared to the total observations. 

 

 

Figure 7:  The 7- and 30-day moving daily mean dissolved oxygen from 2100 South.  The gray 

horizontal line denotes the water quality standard of 5.5(mg/L) for the entire year for the 7- and 30-day 

moving daily mean. 
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Figure 8:  The dissloved oxygen(DO) daily minima and the diel variation in hours that the measured DO 

is below the water quality standard in hours per day at 2100 South.  The water quality standards for the 

Jordan River for dissloved oxygen (mg/L) are dennoted by the gray and black lines and are 4.0(mg/L) 

and 4.5(mg/L) with respect to the times of the year. 

800 SOUTH MONITORING LOCATION 

Data from the 800 South monitoring location are also complicated by missing summertime data, however 

those data that were recorded indicate an impairment based on the draft assessment methods.  The absolute 

minimum DO observed at this location was 1.64 mg-DO/L, which is less than ½ of the instantaneous minima 

criterion (Figure 9).  The acute criteria were violated on 8 days in the Index Period and 22 days in the period 

from August to April. In total there were 30 days or 42% of the POR where DO was lower than the site 

specific standards. More concerning with repect to potentially deleterious affects on aquatic biota, the longest 

single continuous recorded period of acutely low DO conditions was 39 hours. Daily moving average 

calculations among the recorded data reveal violations of both 7-day and 30-day chronic criteria with 45% 

and 46% of observations exceeding the criteria respectively (Figure 10). 

As intended, the draft supplemental statistics highlight several interesting patterns in the temporal DO 

conditions at this location. Unlike the locations upstream, the daily variation in DO was relatively small and did 

not exhibit any obvious patterns among seasons (Figure 11).  The daily minima violations suggest a much 

longer period of potential concern than either of the upstream locations with a cumulative duration for the 

Period of Record when the DO was less than the standard for 233.5 hours (Figure 9).  
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Figure 9:  The daily minima represents the lowest measured value of each day of the period-of-record 

and for the time being will be used as supplemental data for 800 South.  Additionally the inserted table 

reflects seasonal exceedences in days, the percentage of exceedances in relation to the total days in the 

period-of-record as well as the number of observations that are exceeding the standard and the 

percentage as compared to the total observations. 

 

 

Figure 10:  The 7- and 30-day moving daily mean dissolved oxygen from 800 South.  The gray 

horizontal line denotes the water quality standard of 5.5(mg/L) for the entire year for the 7- and 30-day 

moving daily mean. 
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Figure 11:  The dissloved oxygen(DO) daily minima and the diel variation in hours that the measured 

DO is below the water quality standard in hours per day at 800 South.  The water quality standards for 

the Jordan River for dissloved oxygen (mg/L) are dennoted by the gray and black lines and are 

4.0(mg/L) and 4.5(mg/L) with respect to the times of the year. 

300 NORTH MONITORING LOCATION 

The next monitoring location downstream, at 300 North, has a record that encompasses much of the August 

through April period and nearly all of the Index or May through July period. The acute criterion was violated 

14% or 38 days over the Period-of-Record which included extended periods of prolonged daily periods of 

acutely low DO (Figure 12). On one occasion, DO remained below the minima criterion for 21 hours. 

The draft chronic criteria assessment rules suggest concerns with persistently low DO at this location. The 7-day 

and 30-day chronic criteria were exceeded on ~20% of days over the POR (Figure 13). Given that chronic 

criteria are ultimately intended to be protective against deleterious consequences resulting from long periods 

of exposure to low DO, long periods of exposure are particularly concerning with respect to threats to 

aquatic life designated uses. 

The supplemental statistics illustrate several interesting trends in DO concentration at this location.  Similar to 

the 800 South location, the daily diel variation measurements continue to be less pronounced than the two 

most upstream locations, without any distinct seasonal patterns (Figure 14).  The daily minima data indicate a 

fairly long period where low DO is of concern (July-late August) (Figure 12), which is consistent with the 

general trends observed in the chronic criteria analysis discussed above.  DO peaks, absolute minimum, and 

average concentrations were all higher than observations at the 800 South location. 
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Figure 12:  The daily minima represents the lowest measured value of each day of the period-of-record 

and for the time being will be used as supplemental data for 300 North.  Additionally the inserted table 

reflects seasonal exceedences in days, the percentage of exceedances in relation to the total days in the 

period-of-record as well as the number of observations that are exceeding the standard and the 

percentage as compared to the total observations. 

 

 

 

Figure 13:  The 7- and 30-day moving daily mean dissolved oxygen from 300 North.  The gray 

horizontal line denotes the water quality standard of 5.5(mg/L) for the entire year for the 7- and 30-day 

moving daily mean. 
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Figure 14:  The dissloved oxygen(DO) daily minima and the diel variation in hours that the measured 

DO is below the water quality standard in hours per day at 300 North.  The water quality standards for 

the Jordan River for dissloved oxygen (mg/L) are dennoted by the gray and black lines and are 

4.0(mg/L) and 4.5(mg/L) with respect to the times of the year. 

CUDAHY LANE MONITORING LOCATION 

Cudahy Lane is the site furthest downstream and had the most pronounced issues with low DO of all of the 

sites evaluated in this pilot investigation.  Both of the draft decision rules with respect to the acute criteria 

were violated.  With respect to within day water quality standard violations, there were several extended 

periods where DO fell below the minimum criterion for over 20 hours per day (Figure 15).  Among day 

violations were also frequent: DO fell below the acute criterion on 38 days, 32% of all days over the POR.  

As might be expected given the acute violations, this site also revealed fairly extensive chronic violations.  

Over the POR the 7-day moving day average was exceeded 46% of the time and the 30-day moving 

average was exceeded 49% of the time (Figure 16). 

Both DO diel variation and the daily minima exhibited similar trends to those observed at the sites 

immediately upstream.  Daily DO variation remained relatively small, without any obvious seasonal pattern 

(Figure 17).  Similarly, the moving 7-day absolute minima plot suggests that the potential for low DO exists 

throughout the growing season (Figure 15). 
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Figure 15:  The daily minima represents the lowest measured value of each day of the period-of-record 

and for the time being will be used as supplemental data for Cudahy.  Additionally the inserted table 

reflects seasonal exceedences in days, the percentage of exceedances in relation to the total days in the 

period-of-record as well as the number of observations that are exceeding the standard and the 

percentage as compared to the total observations. 

 

 

Figure 16:  The 7- and 30-day moving daily mean dissolved oxygen from Cudahy Lane.  The gray 

horizontal line denotes the water quality standard of 5.5(mg/L) for the entire year for the 7- and 30-day 

moving daily mean. 
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Figure 17:  The dissloved oxygen(DO) daily minima and the diel variation in hours that the measured 

DO is below the water quality standard in hours per day at Cudahy Lane.  The water quality standards 

for the Jordan River for dissloved oxygen (mg/L) are dennoted by the gray and black lines and are 4.0 

mg/L and 4.5 mg/L with respect to the times of the year. 

Site DO Trends 

A comparison of all summary statistics reveals a fairly distinct trend of increasing problems with low DO from 

upstream to downstream monitoring locations (Table 4).  For example, DO only fell below the minima criterion 

at the site furthest upstream (3300 South) for 1 hour or 4 observations, whereas violations of this criterion 

occurred on over 38 days (32% of POR) at the site furthest downstream.  The frequency of DO violations 

shows a similar trend (Figure 18).  Acute criterion violations were first observed at the 2100 South location, 

but these excursions only lasted ~62 hours or 14% of observations.  In contrast, the minima criterion was 

exceeded for ~538 hours or13.5% of all observations at Cudahy Lane.  
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Table 4. Site-specific statistics for 2014 dissolved oxygen data for the Jordan River.  

 

  

Acute Criteria 3300 South 2100 South 800 South 300 North Cudahy

DO daily minima exceedance versus POR(days) 1/346 8/290 30/72 38/277 38/117

% daily minima exceedance in POR <1 3% 42% 14% 32%

Daily absolute minimum  exceedence for  DO < 4 (mg/L) (August to April) (Days) 0 1 8 16 19

Daily absolute minimum  exceedence for  DO < 4.5 (mg/L) (May to July) (Days) 1 7 22 22 19

Maximum consecutive duration  in hours < standard for both 4 or 4.5 mg/L 1 13 39 21 78

Number of DO observations exceeding standard of < 4 (mg/L) versus total  obs. (August to April) 0/23755 0/23000 158/1109 590/15511 1172/7177

Number of DO observations exceeding standard of < 4.5 (mg/L) versus total  obs. (May to July) 1/8732 109/3784 765/5463 194/8395 428/3837

Percentage of DO observations exceeding standard of < 4 (mg/L) (August to April) 0 0 14% 4% 16%

Percentage of DO observations exceeding standard of < 4.5 (mg/L) (May to July) <1% 3% 14% 2% 11%

7-day moving mean exceedance in POR(days) 33 67 56

% 7-day moving mean  exceedance in POR 45% 22% 46%

30-day moving mean  exceedance in POR(days) 30 61 67

% 30-day moving mean  exceedance in POR 46% 19% 49%

Mean DO (mg/L) for POR 8.91 8.56 6.05 7.39 6.11

Instantaneous absolute minimum DO (mg/L) for POR 3.78 2.88 1.64 2.43 0.86

Duration daily minima (hours) < standard for POR 1 62 233.5 285.25 538.25

Mean DO diel variation (mg/L/day) for POR 4.09 2.99 2.77 1.58 1.41

Supplemental Data

Site

Site specific statistics viewed longitudinally for Jordan River High-Frequency Pilot for 2014

0

0

Statistic

0

0

Chronic Criteria
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Figure 18: Longitudinal view of exceedances in hours and days of measured dissolved oxygen data from 

3300 South to downstream at Cudhy Lane. 

DISCUSSION 

The draft assessment methods described in this chapter provide a framework for future DO high frequency 

data assessments.  The summary statistics used for the analysis are straightforward and provide measures of 

averaging periods and duration that closely align with the language in Utah’s water quality standards.  

Similarly, these analyses demonstrate that high frequency data provide an ecologically accurate description 

of temporally dynamic water quality parameters like DO.  High frequency DO datasets provide a sufficient 

frequency of observations to draft assessment methods that are consistent with the averging periods defined 

in Utah’s DO criteria. Moreover, the summary statistics derived from these data were consistent with the 

interpretation of temporal DO dynamics which provide the basis of EPA’s DO criteria recommendations. While 

the assessment procedures were drafted to be broadly applicable statewide, they also proved compatible to 

the site-specific DO criteria on the Jordan River. 

Evidence from the Jordan River pilot largely corroborates other data supporting the existing DO impairment 

for this stream segment. The Jordan River pilot also demonstrates advantages of using high frequency data to 

characterize DO conditions. For instance, several important seasonal patterns were revealed that would have 

been unlikely to manifest with instantaneous DO measurements.  

Ongoing Considerations 

In proposing and evaluating these draft assessment methods several issues were raised that will ultimately 

need to be resolved before the methods are finalized and implemented state-wide. 

INDEX PERIOD 
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The Jordan River pilot investigation used index periods that were previously established for the Jordan River.  

However, it is not currently clear whether this is an appropriate index period to apply elsewhere.  Whatever 

form the final assessment methods take, DWQ does not consider it appropriate to incorporate data collected 

in winter months when calculating the percent of water quality excursions as this “stacks the deck” against 

identification of conditions that can potentially degrade aquatic life.  However, the Jordan River pilot also 

demonstrates the value in understanding year-round DO dynamics.   

LONGER-TERM TEMPORAL VARIATION 

This pilot investigation highlights the importance of understanding the temporal variation of DO.  However, 

year-to-year differences may be equally important.  It may not always be possible to obtain multiple years 

of high frequency data when making impairment decisions.  Nevertheless, it is important to acknowledge the 

value of long-term monitoring stations such as those maintained by the JRFBWQMC.  These permanent stations 

will ultimately allow DWQ to conduct similar analyses to better understand the long-term dynamic of DO on 

the Jordan River. 

DRAFT SUPPLEMENTAL SUMMARY STATISTICS 

Given that high frequency data sets are rich with information, DWQ proposes that several additional 

summary statistics be calculated to help better interpret DO conditions.  Daily DO variation (absolute 

difference between the daily maximum(i.e., peak) and minimum(i.e., trough) DO concentration) is a potentially 

meaningful metric because high variation in daily DO is a demonstrated sources of stress to stream biota.  

Consistent with the recommendations of Washington’s Department of Ecology (2002), DWQ proposes that a 

diel variation of > 3 mg-DO/L/day be used as a screening level to identify sites where daily variation is if 

potential concern.    Screening levels will only be used in identifying potential sites for future monitoring and 

will not be used for assessment purposes in the IR.   DWQ also proposes calculating a moving 7-day average 

of daily minima since this metric may help identify long-term trends in low DO conditions and index periods 

where DO issues may be of particular concern.  Finally, DWQ proposes that the duration of DO water quality 

criteria violations be tabulated, both within a day (number of hours below the criterion) and among days to 

describe the duration and recurrence of low DO events. 

Conclusions 

This pilot investigation provides a useful “real world” example of how the draft assessment methods would be 

used to make impairment decisions with high frequency DO data.  The summary of data from 2014 confirmst 

the existing dissolved oxygen impairments in the lower Jordan Rive (Assessment Units Jordan River-1, Jordan 

River-2, and Jordan River-3). These analyses were successful in highlighting several details that will need to 

be considered as DWQ adopts the draft assessment methods.  These analyses will also provide an empirical 

basis for ongoing discussions with stakeholders on how to make these final assessment procedures both 

scientifically defensible and consistent with state and federal regulations. 
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APPENDIX 1. 
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